The defect build-up, structure recovery and lattice location of transition metals in ion bombarded and thermally annealed ZnO and GaN single crystals were studied by channeled Rutherford backscattering spectrometry and channeled particle-induced X-ray emission measurements using 1.57 MeV 4 He ions. Ion implantation to a uence of 1.2 × 10 16 ions/cm 2 was performed using 120 keV Co and 120 keV Mn ions. Thermal annealing was performed at 800
Introduction
The goal of the present search for spintronic materials is to develop a material with properties necessary for a possibility of mutual interaction of electronic and magnetic systems of the material (semiconducting and ferromagnetic properties) at room temperature for possible applications in practical devices [1] . The semiconducting compounds such as GaN and ZnO doped with transition metals (TM) are well-established candidates for meeting this goal [25] . Although many GaN and ZnO properties are similar to one another, the GaN manufacture is much more dicult and expensive than that of ZnO, so ZnO is a very attractive material for several new applications and became a good competitor to GaN. Modication of semiconductor properties by ion implantation is a well-established technological process. For the structures based on semiconducting compounds it is used for electrical doping, compositional mixing of quantum wells and formation of isolation regions. During ion implantation, point defects and their complexes are produced and they usually aect optical and electrical properties of the semiconductors. It might be detrimental for potential application devices, therefore a recovery of crystal structures as a result of an annealing process is so important. Moreover, magnetic properties of the TM-doped semiconductor strongly depend on both the concentration of the dopant and its lattice location in the structure [610] . In this work we present the defect build-up, recovery and also the lattice location of TM atoms in * corresponding author; e-mail: renata.ratajczak@fuw.edu.pl • to the incidence direction with a Si surface barrier detector with an active area of 50 mm 2 . The Xrays were detected using a cooled Ge detector in the same chamber.
Finally, the Monte Carlo simulation McChasy computer code [14] was used to t the cRBS spectra. The recent version of this program allowed for an analysis of the channeling spectra yielding the distribution of point defect structures (simulated as randomly displaced atoms,
RDA) and extended defects such as: clusters, dislocations, loops, stacking faults, etc. (referred to as bent channels, BC) [15] . Figure 1a and b shows the random and (0001) aligned RBS spectra for ZnO (0001) single crystals and GaN (0001) epitaxial layers prior to and after 120 keV Co ion implantation to a uence of 1.2 × 10
Results and discussion
16 ions/cm 2 ions and also after the thermal annealing process. As can be seen, for both structures the spectra show incomplete amorphisation after ion implantation, and partial recovery after annealing of the ZnO structure. For GaN, postimplantation damage after thermal annealing remains unchanged. Moreover, for the GaN structures some additional surface damage after the thermal annealing process was observed. As follows from our experience [16] , this is probably beginning of GaN surface layer decomposition under these thermal annealing conditions. From the viewpoint of magnetic properties, the question of Co lattice locations in the structure is of vital importance although it does not preclude ferromagnetism.
The lattice location of TM was analyzed using the cPIXE technique. In principle, the cRBS method allows to specify the dopant location in the crystallographic struc- The cPIXE study on the TM lattice location for this sample was also carried out. The spectra reveal that Mn substitutions in the ZnO structure are much more eective than the Co ones, as shown in Fig. 5 . These results are numerically presented in the Table. The apparent chemical eects observed in our study between the Mn and Co implanted ZnO samples are usually attributed to dierent diusion rates of both implanted elements. Faster diusion of e.g. Mn atoms makes it easier for them to substitute Zn atoms and accelerate the annealing process. Diusion of manganese and cobalt in ZnO was measured long time ago [18] . It follows from the derived diusion parameters that Mn diusion at 1070 K is slightly faster than the Co one. However, this conclusion should be treated with caution. The results recorded in Ref. [18] were obtained at a temperature of about 1400 K and need to be extrapolated to the present diusion temperature. Moreover, the diusion was measured in a perfect, undamaged crystal. We may expect quite dierent diusion results when the crystal is damaged by ion implantation.
The diusion lengths derived from the results of Ref.
[18] reach 6 and 0.8 nm for Mn and Co, respectively, at the present diusion temperature and duration.
These values are far too low to account for ion implantation annealing which takes place in a region of a depth of about 100 nm (see Fig. 2 ).
Search through the literature reveals a reference in which Co diusion in ZnO was measured after ion implantation [19] . According to these data, the diusion Our study show incomplete amorphisation of both structures after ion implantation, and partial recovery structure after thermal annealing at 800
• C for ZnO only.
It was also observed that Co-implanted atoms are partially built into the ZnO structure after implantation and that eect improves after thermal annealing. In turn, the GaN post-implantation damage after thermal annealing remains unchanged, and also no Co-substitution into GaN was observed.
The cRBS and cPIXE studies for ZnO implanted with
Co and Mn ions show the same post-implantation damage in both cases, but after thermal annealing much better recovery and much more substitutive eect for Mndoped in ZnO samples were observed.
Many ZnO features are similar to GaN, but the GaN production is much more dicult and expensive than that of ZnO, so ZnO is a very attractive material for several new applications and a good alternative to GaN.
Much better results were obtained for ZnO than GaN.
